The chemical synthesis of graphislactones A-D was achieved through the Pd-mediated intramolecular biaryl coupling reaction of phenyl benzoate derivatives.
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Synthesis of Graphislactones
pulverulenta, which were called graphislactones A-D ( Figure 1 ). 2 Since two of them, graphislactones C and D, were found to exhibit anti-tumor activity against the human bladder cancer cell 5637, 3 our interest has focused on the total synthesis of the graphislactones. In this report, we describe their synthesis through a Pd-mediated biaryl coupling reaction of phenyl benzoate derivatives as the key step. 4, 5 Figure 1
Graphislactones A-C have highly oxygenated 6H-dibenzo[b,d]pyran-6-one skeletons, which are significantly related to the lignan chemistry. 6 To obtain these compounds, we envisioned phenyl benzoate derivatives as good precursors (Scheme 1). These esters should be prepared by a simple esterification between the corresponding phenols and benzoic acids furnishing the required functionalities on each aromatic ring.
Scheme 1
Initially, we prepared phenol 8 for the synthesis of graphislactone C (3) (Scheme 2).
After selective benzylation of 5, 7,8 reduction of the resulting 6 with LiAlH 4 followed by silylation of the benzylic hydroxy group lead to the phenol 8. For the preparation of the coupling partner 13, we selected 3,5-dimethoxyaniline as the starting material, which was subjected to the conventional Sandmeyer aromatic substitution condition to afford the iodide 9 (Scheme 3). The Vilsmeiyer reaction afforded the aldehyde 10, and then it was demethylated by Node's method 9 and successively benzylated to give 12. After oxidation into benzoic acid 13, the esterification with the phenol 8 was successfully afforded the phenyl benzoate 14. The Pd-mediated intramolecular biaryl coupling reaction of 14 produced the lactone 15 in high yield. Finally, the debenzylation into 16
and desilylation with TBAF were carried out to complete graphislactone C (3).
Scheme 2 Scheme 3
For the synthesis of graphislactone B (2), we needed two starting materials 17 and 18, which were easily derived from 10 and 7, respectively (Scheme 4). Their condensation afforded 19 in good yield. The Pd-mediated reaction under the conditions similar to the above case also smoothly proceeded to give the lactone 20. After catalytic hydrogenolysis, graphislactone B (2) was obtained.
Scheme 4
A similar strategy was attempted for the synthesis of graphislactone A (1) (Scheme 5).
The preparation of the ester 21 by the condensation between 13 and 18, followed by the Pd-mediated biaryl coupling reaction produced the lactone 22. In order to remove the two benzyl groups, the hydrogenolysis of 22 was carried out.
Scheme 5
Unlike the above graphislactones A-C, graphislactone D has a different ring system, 5H-dibenzo[c,e]oxepin-7-one. 10 We thought that this skeleton would be synthesized by 
